48 


Journal of Forestry Research, 18(1): 48-54 (2007) 


DOI: 10.1007/sll676-007-0009-9 

Review on the decomposition and influence factors of coarse woody 

debris in forest ecosystem 

ZHOU Li 1>2 , DAI Li-min 1 , GU Hui-yan 1 ' 3 , ZHONG Lei 1 ' 2 

1 Institute of Applied Ecology, Chinese Academy of Science, Shenyang 110016, P R. China 
2 Graduate School of Chinese Academy of Science, Beijing 100039, P. R. China 
3 Northeast Forestry University, Harbin 150040, P. R. China 


Abstract: Coarse woody debris (CWD) is an important and particular component of forest ecosystems and is extremely important to forest 
health. This review describes the decomposition process, decomposition model and influence factors. CWD decomposition is a complex and 
continuous process and characterizes many biological and physical processes, including biological respiration, leaching, and fragmentation. 
All these processes have closed relationships between each other and work synergistically. During decomposition, there are many control¬ 
ling factors mainly including site conditions (temperature, humidity, and O 2 /CO 2 concentration), woody substrate quality (diameter, species 
and compound) and organism in CWD. The decomposition rate is generally expresses through a constant k which indicate the percent mass, 
volume or density loss over time, and can be determined by long-term monitoring, chronosequence approach and the radio between input 
and the total mass. Now using mathematical models to simulate decomposition patterns and estimate the decomposition rate is widely ap¬ 
plied, especially the exponential model. We brought forward that managing and utilizing for the CWD in forest was a primary objective on 
all forest lands. And it is should be intensified to integrate many related research subjects and to carry a comprehensive, long-term and 
multi-scale research which mainly focus on seven sections. 
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Introduction 

Coarse woody debris (CWD) is the residue of living trees in the 
forest ecosystem including whole fallen trees, fallen branches, 
and pieces of fragmented wood, stumps and standing dead trees 
(snags). Historically it was poorly understood because people 
regarded it as the main factors to cause the tree diseases, insect 
pests and forest fire. However, along with the embedded research 
in forest ecosystem especially in nutrient cycles and global 
wanning, people realized that CWD is a particular component of 
forest ecosystems and extremely important to forest health. 
CWD serves a variety of essential functions in the forest ecosys¬ 
tem. It provides seed germination sites (Harmon et al. 1986 & 
1989; Graham and Cromack 1982; Gray and Spies 1997; Xu 
1998), serves as reservoirs during droughts (Deng et al. 2002; 
Hannon and Sexton 1995; Zhao et al. 2002), and provides habi¬ 
tats for many forest animals (Rabe et al. 1998; Timothy and 
Mark 2004; Torgersen and Bull 1995) and microbes (Amaran- 
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thus et al. 1994). Moreover, CWD also plays an integral role in 
the material flow, energy flow and nutrient cycling in forest eco¬ 
systems. CWD can release the plentiful carbon, nitrogen, phos¬ 
phorus and other nutrients gradually and tardily by its decompo¬ 
sition, just like the controlled release chemical fertilizer (Turner 
et al. 1995; Janisch and Harmon 2001; Holub et al. 2001; 
Mackensen 2003). So CWD can enhance the upper forest soil 
fertility and productivity (Marra and Edmonds 1994; Mcminn 
and Crossley 1993), promote the forest restoration and natural 
regeneration after harvesting, protect the ecosystem from distur¬ 
bance-related nutrient losses, and maintain the biodiversity, sta¬ 
bility and balance of forest ecosystem (Zimmerman et al. 1995; 
Wei et al. 1997; Arthur and Fahey 1990; Harmon et al. 1990). At 
present, most of the studies focused on ecological role, stocks, 
distribution and dynamics (Hannon et al. 1987; Niklas et al. 
2005; Friaman and Walheim 2000; Woldendorp et al. 2004) ex¬ 
cept a few paid attention to CWD decomposition and nutrient 
release systematically (Girisha et al. 2004; Raija et al. 2004). In 
China, research on CWD mainly concerned the concept (Yan et 
al. 2005), function (Wu et al. 2005; Liu et al. 2004; Hou and Pan 

2001) and stocks of different forest type, such as Korean pine 
mixed forest (Chen and Xu 1992; Li 1992b; Zhao 1995; Dai et al. 

2002) , Fargesii (Li et al. 1998), Castanopsis eyrei (Li et al. 1996), 
evergreen broadleaved forest (Liu et al. 1995; Tang et al. 2003), 
and dark-conifer forest (Yang et al. 2002a & 2002b). It can not 
be neglected that the decomposition will determine the longevity 
and turnover of carbon stored in CWD, which in turn determines 
the amount of CCL released from forest ecosystem. Knowledge 
of the decomposition will provide information for the calculation 
CO 2 emission from land-use change and forest management 
practices, and will also provide information on the nutrients re¬ 
leased into the soil pool, so the CWD decomposition is also very 
important for several aspects of forest management (Mackensen 
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2003). In this paper, we provide a comprehensive review to 
document the processes and rates of CWD decomposition and to 
identify the influence factors during the process of decomposi¬ 
tion. Hoping it can fill up some blanks of the research and estab¬ 
lish the corresponding groundwork for further research on CWD 
decomposition. 

Decomposition process 

Decomposition is the process whereby the complex organic 
structure of biological material such as wood is reduced to its 
mineral form. Also the decomposition or depletion of CWD in¬ 
volves many different biological and physical processes 
(Harmon et al. 1986; Golladay and Webster 1988). It includes 
the transfonnation of both carbon and all the macro-and mi¬ 
cro-nutrients (Swift 1977). Apart from the biochemical aspects of 
decomposition (biological respiration and transformation), this 
term is often used in a wider context that includes the physi¬ 
cal-chemical deterioration of organic matter due to photodegra¬ 
dation, leaching and fragmentation. 

Biological respiration 

The large biomass of CWD represents the largest pool of organic 
carbon in many forests (Fahey 1983; Boone et al. 1988). During 
the decay process, the invasion and respiration of different spe¬ 
cies of microbes and invertebrates make an initial mass loss and 
break down of approximately 50% organic carbon leading to a 
release of carbon as CCL gas (Spies et al. 1988). Global carbon 
cycle is defined as the cyclical movement of carbon within the 
biosphere. Carbon is primarily removed by plants during photo¬ 
synthesis and then dissolved in water and returned to the air 
mainly via biological respiration. Swift (1973) indicated that 
most of microbes and invertebrates can utilize the organic matter 
of CWD for their own metabolism, especially bacteria and fungi, 
and the quantity of metabolized organic matter was comparable 
to the extent of respiration losses. For example, when about 39 
percent biomass of CWD was losing, maybe about 35 percent 
was converting into fungal biomass (Swift 1973). 

How much of carbon released and organic matter metabolized 
depends on respiration rate which is related to the quantity of 
decomposer and their activity (Li 1992a). Also lots of research 
results proved that biologic respiration had the seasonal change; 
generally speaking, decomposer had strong action and hearty 
metabolism in summer, so there was high respiration rate in that 
time (Li 1992a). Moreover, the respiration rate has close rela¬ 
tionship with the decay class and tree species. Respiration inten¬ 
sity is strengthened along with the decomposition (Ausum 1977; 
Yoneda 1975). 

Leaching 

Leaching, which is caused by the physical forces of water, tem¬ 
perature and gravity, can transport nutrients and soluble materials 
from CWD into soil, break down wood structure and reduce 
CWD biomass (McMinn and Crossley 1993). Leaching is also 
considered an important process in CWD decomposition (Singh 
and Gutpka 1977; Swift et al. 1979), although there are very few 
researches on this topic (Mattson et al. 1984 & 1987). In the 
initial stages of decomposition, there are little soluble materials 
but more polymers in CWD, so the importance of leaching is not 
very obvious. However, in the advanced stages of decomposition, 
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the polymers are transfonned into soluble materials as a result of 
degradation of microbe; the more soluble materials strengthen 
the function of leaching (Harmon et al. 1986). 

Weathering is also the chemical and physical disintegration of 
wood by atmospheric elements (Jemison 1937). Because CWD 
always exposure under the atmosphere, rain, snow, sunlight, dust, 
humidity, etc.. All these factors can affect the surface layer syn¬ 
thetically leading to become coarseness and looseness due to 
suffering from expand, shrink, and ultraviolet alternately, then 
some wood destroying agents such as fungi and tennites can 
easily colonize and decompose the CWD. 

Fragmentation 

CWD fragmentation refers to a reduction of volume via physical 
and chemical forces during the decay process. It has two kinds of 
forms commonly, one is physical causes, the other is biological 
causes, and we can distinguish them easily (Hannon et al, 1986). 
The former includes breakage during or after falling to the 
ground or impact from new CWD arrivals, freezing/thawing and 
shrinkage/swelling cycles fonning cracks, wind, snow, rain, 
flowing water, and use of machinery in managed ecosystem are 
also important agents of CWD fragmentation. All these causes 
usually affect on the exterior of CWD. Comparing with physical 
causes, the biological causes can accelerate the fragmentation by 
decay organisms because it affects on the interior directly. The 
main decay organisms are invertebrates and other wood-boring 
insects, such as bark and ambrosia beetles. Invertebrates chaw 
the woodiness and dig tunnel, wood-boring insects bore the trunk, 
and these actions facilitate faster colonization of wood by mi¬ 
crobes and thus accelerate the decomposition (Ausmus 1977; 
Leach 1934). Furthermore, wood habiting invertebrates are the 
important food sources of some vertebrates such as birds, and 
their feeding on invertebrates must accelerate the fragmentation. 
Also the plants that grow on the fallen trees can break up the 
CWD during the course of their roots’ growth and extension. 

Fragmentation, collapse and settling are prominent in the snag 
decomposition process. It can be said that the fragmentation and 
the decomposition are processed synchronously. After being died, 
nutrimental matters of snags begin to loss and leaching, that is 
decomposition. On the other hand, the branches fall to pieces, the 
trunk also begin to fall off. So the snag becomes short by and by 
until becomes a residual stake even a ridge surface (Hou and Pan 
2001 ). 

Decomposition rate and model 

Decomposition rate 

The decomposition rate is generally expresses through a constant 
k which indicates the percent mass, volume or density loss over 
time (Hannon et al. 1986; Swift et al. 1979; Mackensen and 
Bauhus 2003). The higher the k value, the faster CWD decom¬ 
poses. It is extremely difficult to measure given the extreme lon¬ 
gevity (Franklin et al. 1987). 

The most reliable method to determine the decomposition rate 
is through long-tenn monitoring about the changes of volume, 
wood density or mass to calculate and assess the constant k. But 
few studies adopted this method because of the long time and 
vast cost (Chen and Xu 1991). It is therefore more common to 
establish a chronosequence by take samples from a range of 
known ages or different decay classes (Lambert et al. 1980; Fos- 
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ter and Lang 1982; Graham and Cromack 1982; Busse 1994; 
Mark et al. 2000; Tyrrell and Crow 1994). The reliability of this 
method largely depends on the ability to accurately identify the 
age of CWD and site with comparable conditions (Hannon et al. 
1986). However, chronosequence studies provide indirect evi¬ 
dence about decomposition rates (i.e., comparison among differ¬ 
ent logs) and may be subject to confounding effects related to 
measurement and site. Besides the above two methods, the de¬ 
composition rate can also be estimated from the radio between 
input and the total mass of CWD (Christensen 1977; Sollins 
1982; Delaney et al. 1998). However, this method has a rigorous 
precondition that the stand must be stable namely the input of 
CWD is neither more nor less than the decomposition of CWD. 
Though this kind of steady state is very difficult to be proved in 
most of forests for the variance of CWD is often periodical 
through many nature or human disturbance (Daniel and Dennis 
2000; Wei et al. 1997). 

Decomposition model 

Using mathematical models to simulate decomposition patterns 
and estimate the decomposition rate has been widely applied to 
quantify the decomposition of CWD (Hannon et al. 1986). Sev¬ 
eral potential models include single-exponential model, dou¬ 
ble-exponential model, multiple-exponential model (Olson 1963), 
lag-time model (Hannon et al. 1986; Chen and Xu 1991), and 
linear model (Wieder and Lang 1982; Lambert et al. 1980; Gra¬ 
ham and Cromack 1982), respectively. Except the last one, the 
others assume that all constituents of dead biomass are equally 
decomposable and the constituents of dead woody biomass are 
equally distributed (Carpenter 1981). 

The single-exponential model is the most common multiple 
linear regression model form used to detennine decomposition 
constants (Olson 1963; Graham and Cromack 1982; Barber and 
van Lear 1984; Mattson et al. 1987; Edmonds and Eglitis 1989; 
Hannon and Chen 1991; Stone et al. 1998; Laiho and Prescott 
1999; Chen et al. 2001; Janisch and Harmon 2001). Assuming 
that the proportion of lost remains constant throughout the de¬ 
composition process or the decomposition rate is proportional to 
the amount of matter remaining, the decomposition rate can be 
derived from the equation bellows: Ft = Y0e-kt, where Yt 
=amount left at time t, Y0=initiai quantity of material, 
k=decomposition constant. 

Mindennan (1968) put forward the double and multi¬ 
ple-exponential model against single-exponential model because 
he found that CWD is not homogeneous but heterogeneous with 
components decomposing at different rates over time. For exam¬ 
ple, the heartwood was more decay resistant than sapwood and 
bark, then the actual results must be different significantly 
(Mackensen and Bauhus 2003). 

The lag-time model takes the lag times required for fungi, 
bacteria and other macro invertebrates finally succeed in colo¬ 
nizing CWD into account. The lag times for snag fall after death 
may be as long as 20 years and for log mineralization may ex¬ 
ceed 25 years (Hannon et al. 1986). However, there are few re¬ 
searches on the factors influencing lag time or their ecological 
significance (Mackensen and Bauhus 2003) 

Influence factors 

The main decomposition process of CWD depends on the wood 


inhabiting organisms’ biochemical interaction with wood com¬ 
ponents which microorganisms and invertebrates are involved 
(Rayner & Boddy 1988). The close association between insects 
and decay fungi strongly influences the decomposition rate 
(Gardiner 1957; Zhong and Schowalter 1989). And these organ¬ 
isms’ activities are influenced by the controlling factors such as 
temperature, humidity, concentration of CCL and CL, and woody 
substrate quality including species, size, component and position 
(Harmon 1986). These factors are complex, interactional and 
interdependent. Studies had proved that single factors can only 
emphasized to laboratory tests (Boddy 1983) and there is no 
agreement on which factor may be the key driving factor of de¬ 
composition (Swift et al. 1979; Bunnell et al. 1977; Mikola 1960; 
Brown et al. 1996). 

Temperature 

Temperature can strongly influence the biological subsistence, 
and at the same time the temperature is also influenced by many 
factors such as surrounding temperature, relative humidity, CWD 
size, bark, position, and so on (Rayner & Boddy 1988). Optimal 
temperature can shorten the organism’s lifecycle, then to accel¬ 
erate the decomposition (Graham 1925). Many fungi species are 
mesophilous, the optimal scope for their growth in the wood is 
between 25-30°C, their respiration will increase by 2-3 for every 
10°C increase but they can’t survive above 40°C (Kaarik 1974; 
Hammon 1986; Deverall 1965). Savely (1939) found that the 
insects could suffer from more high temperature, their upper 
limits could reach 52°C, but this upper limit would decrease to 
41^14°C with the increase of relative humidity. Studies also 
found that the temperatures on the surface or top of CWD which 
exposed to sunlight may greatly higher (Graham 1925). Fur¬ 
thermore, the tree species or forest type can also influence the 
surrounding temperature, then to influence the inner temperature. 
For example, the annual temperature in Korean-dark coniferous 
forest is higher than that in Ermanii-dark coniferous forest in 
Changbai Mountain, especially in July or August. So the subsis¬ 
tence and activity of microbes and invertebrates are stronger in 
the Korean-dark coniferous forest and the CWD decomposition 
rate in this kind of forest is comparative higher than those of 
another forest (Yang et al. 2002a). 

Humidity 

Both high humidity and low humidity in particular can restrict 
the activity of wood habiting organisms. Fungi, other decom¬ 
posing microorganisms and insects can’t live if the humidity is 
below 30%. Their activities are improved with the increase of 
humidity, whereas also limited by a very high humidity (Griffin 
1977). Some bacteria and fungi such as the soft rots fungi can 
survive in the high humidity of 240%. But only 30%-160% is 
the most optimal humidity for the growth of Basidiomycetes 
(Kaarik 1974). Humidity and its daily and seasonal fluctuations 
also depend on the size, position, and microclimate and decay 
class. Humidity increases with the process of decomposition 
because it is negatively correlates with wood density. 

CL and C0 2 concentration 

CL and C0 2 concentration in CWD can influence the organisms’ 
activities and decomposition rate, and be restricted to tempera¬ 
ture and humidity. With the increase of temperature, biotical 
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respiration increases, that makes O 2 concentration decrease but 
CO 2 concentration increase (Paim & Becker 1963). As same as 
the biotical respiration also increases if humidity reaches to the 
fiber saturation point (Griffin 1977). But if humidity is high or 
low excessively, the gas pervasion will be restricted (Tarkow and 
Stamm 1960). 

Woody substrate quality 

Diameter 

There are different viewpoints on the relationship between CWD 
size and decomposition rate. Some considers that decomposition 
is negatively correlated with CWD diameter. Increased CWD 
diameter results in a smaller surface to volume ratio exposing a 
minimal portion of exterior CWD to mechanical and biological 
colonization then decreases decomposition rate (Graham and 
Cromack 1982; McMinn and Crossley 1993; Marra and Ed¬ 
monds 1994; Stone et al. 1998; Mackensen and Bauhus 2003). 
Smaller diameter CWD have an increased surface to volume 
ratio leading to increased fragmentation rates and elevated de¬ 
composition rates (Abbott and Crossley 1982; Lambert et al. 
1980; Foster and Lang 1982). Tool (1965) found that for most of 
the species studied, small branches had disintegrated after 6 
years and only a small portion (<15%) of the large branches and 
bole had not settled on the ground. But other researches indicated 
that there is no significant relationship between CWD diameter 
and decomposition rate especially towards to the big size CWD 
(Graham and Cromack 1982; Lang 1978; Mattson et al. 1987; 
Edmonds and Eglitis 1989; Marra and Edmonds 1994; Laiho and 
Prescott 1999). In addition, the high resin content in pine means 
that pine CWD decay more slowly than those other species such 
as birch, especially the snags which can last as long as 100 years. 

Components 

CWD is a complex and heterogeneous substrate with different 
components (outer bark, inner bark, sapwood and heartwood), 
which have different proportion and chemical substance/physical 
character respectively varying with species, size and age, so 
CWD has different decomposition rate (Hannon 1986). Gener¬ 
ally, the inner bark contains the cambium and phloem which are 
rich in sugars, so inner bark decomposes more rapidly than the 
other components (Master 1984). Decay may be retarded when 
the bark sloughs off early, allowing the surface of the sapwood to 
dry quickly and become casehardened. The heartwood is the 
most resistant component to decay because it contains some 
extractives and little nutrient contents (Scheffer and Cowling 
1966; Rayner and Boddy 1988). For example, the heartwood of 
Thuja plicata (Scheffer and Cowling 1966), or Pinus palustris 
(Clark 1957) decomposes very slowly even hundreds years. For 
example, the bark in Monterey pine ( Pinus radio) logs was de¬ 
termined to have significantly greater lignin concentration and 
tannin concentration than the other components, possibly ex¬ 
plaining the slower decomposition rate of bark (Ganjegunte 
2004). Decomposition rate also depends on the chemical compo¬ 
sition (lignin, cellulose, hemicelluloses) of components. Lignin 
decomposes more slowly than celluloses especially in the latter 
stages of decay, which results in an increase in the lig¬ 
nin/cellulose ratio with the decay process (Crawford 1981). 

Species 

Different tree species has different decomposition rate; generally, 
coniferous CWD decomposes more slowly than broadleaved 
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CWD, maybe because coniferous CWD have more simple struc¬ 
ture, little live-organize and more lignin contents, but broad¬ 
leaved CWD has more sugar, amylum and protein, which is eas¬ 
ily be decomposed. So the high nutrients content in broadleaved 
CWD can offer the better conditions for the activities of mi¬ 
crobes and other invertebrates. Moreover, sapwood or heartwood 
components of CWD have different characters with different 
species. Chen (1992) studied on the decompositions of Pinus 
koraiensis and Tilia amurensis, found that decomposition rate 
had prominent difference between the sapwood and heartwood in 
Pinus koraiensis, but no prominent difference in Tilia amurensis. 

Organisms 

Organisms in the CWD are the most important factor to influ¬ 
ence the decomposition rate or type (Hannon 1986), and the 
influence from all the other controlling factors above mentioned 
also can be reflected by the variation of organisms. There are 
many species organisms including the insects, microbes and the 
soil animals. It is said that there is more life in a dead tree than a 
living one, largely be made up of fungi and nitrogen-fixing bac¬ 
teria, both of which are crucial to the health of forest and many 
studies have confirmed this (Amaranthus 1994; Silvester et al. 
1982; Aho et al. 1974). In dead wood, there is a typical pattern of 
decay and breakdown, which is largely the result of colonization 
by organisms. When a tree dies, the sapwood will be invaded by 
wood-boring beetles (Abbott and Crossley 1982). Along with 
fungi, bark beetles are among the earlier dead wood colonists, 
and use the cell contents of the cambium and sapwood. These 
soon attract predators and parasites including spiders, false scor¬ 
pions, and ichneumons’ wasps, as well as allowing more fungi to 
enter. Fungi tend to begin the work of decaying the less nutri¬ 
tious heartwood, as their threadlike mycelia penetrate the tissue 
and allow entry to other organisms. At the final stage of decom¬ 
position, insects are replaced by some soil organisms, e.g. Myri¬ 
apod, Nematoda, Acarina, Collembola and Oligchaeta. Most 
wood are converted to humus, and that is to say the nutrients that 
have been stored within the wood for decades return to the soil. 

Conclusion 

CWD is an integral component of forest ecosystems, acting as a 
long-term stabilizing storage pool for nutrients (Sollins 1982; 
Keenan 1993). The ecological function of CWD is only recently 
being appreciated by foresters and other land managers. So it is 
essential to develop a comprehensive, long-tenn and multiplex 
research system on CWD with colligation of all kinds of sub¬ 
jects. 

CWD decomposition is a complex and continuous process and 
characterizes many biological and physical processes, including 
biological respiration, leaching and fragmentation. CWD is colo¬ 
nized by decomposer organisms that cause the initial mass loss at 
the first time (Grier 1978; Fahey 1983; Larho and Prescott 1999). 
Then the transfonnation of organic carbon into atmospheric car¬ 
bon by biological respiration and the polymeric material is 
changed into soluble substances by the ability of microbes or 
other organisms. Along with the decomposition, leaching trans¬ 
ports the nutrients and soluble polymers into soil matrix, breaks 
down wood structure and enhances decomposition (McMinn and 
Crossley 1993). Fragmentation, caused by environmental condi¬ 
tions and biological mechanisms, makes the wood begin to 
structural deteriorate even elliptical, increases the amount of 
CWD in contact with the ground and creates a more hospital 
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condition for invertebrates, bacteria and fungi (Harmon et al. 
1986). Also biological respiration intensity and leaching can be 
strengthened and enhanced due to the fragmentation (Edmonds 
1980). 

During the process of decomposition, biological respiration is 
critical to quantify the turnover of CWD and its contribution to 
the C cycle at the regional and global scale. The most important 
decomposer agents are fungi in terrestrial ecosystems and bacte¬ 
ria in aquatic ecosystems among different microbes, insects, 
earthworms and collembolans in the colonization (Maser & 
trappe 1984; Hannon et al. 1986). Moreover, site conditions 
(temperature, humidity, and 0 2 /C0 2 concentration), woody sub¬ 
strate quality (diameter, species and compound) and the charac¬ 
teristics of organisms in CWD also affected the decomposition 
hannoniously. For instance, the relationship between size and 
decomposition may be negative, positive and nonexistent (Foster 
and Lang 1982; Graham and Cromack 1982; Naesset 1999; Raija 
and Prescott 2004) largely depending on the site conditions. 

Determining the decomposition rate of CWD has been at¬ 
tempted by different mathematical models especially the sin¬ 
gle-exponential model that relies on changes in volume, biomass 
and density. It is remarkable that most of studies often measured 
and reported the loss of density to estimate the decomposition 
constant assuming that there is no loss of volume (Grier 1978; 
Lambert et al. 1980; Graham and Cranack 1982; Sollins 1982; 
Fahey 1983; Foster and Lang 1982; Harmon 1986). In fact, due 
to many complicated processes involved in decomposition such 
as respiration, leaching and fragmentation, the decomposition 
constant is the integrated effect of these processes. Respiration 
and leaching cause the loss of density or weight and the frag¬ 
mentation cause the loss of volume, especially in the evening of 
decomposition (Lambert et al. 1980; Sollins 1982). So many 
research results should be lower than the actual one due to with¬ 
out recognizing fragmentation as a decomposition mechanism 
(Harmon et al. 1986; Spies and Franklin 1988; Harmon and 
Chen, 1991; Marra and Edmonds 1994; Harmon and Sexton 
1995). 

Nowadays, the increasing attention to CWD function and de¬ 
composition makes the management and utilization of CWD in 
forest become a primary objective on all forest lands and pro¬ 
vides an excellent chance to integrate many related research 
subjects to carry comprehensive, long-tenn and multi-scale re¬ 
searches which focus on the several sections as follows: (1) The 
simulation and quantification of the decomposition process and 
decomposition rate; (2) The modeling erection of biochemistry 
cycling and nutrients releasing during CWD decomposition; (3) 
The temporal and spatial characters of CWD decomposition in 
different forest types; (4) The change of soil physical and 
chemical properties and microbes community during the CWD 
decomposition; (5) The long-term response, adaptation and 
feedback of CWD decomposition on carbon dioxide fluxes and 
global changes; (6)The effects of natural and anthropogenic dis¬ 
turbance on CWD decomposition and disturbance types; (7)The 
relationship between CWD decomposition and ecological proc¬ 
ess integrality and forest health. 
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